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Title; Thin -Film Transistor and Method of Manufactxire Thereof 
Abstract 

A method is provided to prevent the degradation and irregularity 
in performance of a transistor due to surface irregularities, particularly 
impurity segregation on the surface irregularities, of a thin poly silicon 
film formed by laser annealing. The method comprises (1) removing 
projections and impurity segregation from the surface of a laser - 
annealed thin polysilicon film chemically and mechanically, and (2) 
performing crystal growth by a heat treatment and smoothing the surface 
while removing the extraneous matter from the surface. 
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^^£x4l±:)t^oj b|5| M?Sxi>iE-i(TFT) ?-#oJi £lo^ q^^SA|?^*:-^ it^^ PC4 ?F M;bi?^joiA3 loii a 

?>^^Oll CHtl]A-j ^o^^- ^3Eo^SAi AjDlG^CK 

Ai, is^s #si 7I&01CK «t^ 7^^^so^!A^ ^epi-a^^^ck 2^. c^^is ^ 

0|Cf. 7&, S^SjOlCK 13^, y\^^0\Cl SE^}, 0\ 7\^°\^ 7\B^&^\ ^¥ ^^Oj C}-^^ 

#oii ^§ g>^x|s-te ^siSS ^^sm, 7|£^xHi]om 7|£hoi ^^£i«^^oii ccfaw^ sf^ 

SE tiX^I^^. Xi|§o^Aio| qi|g^Aj^f:ilo| 5A|go|4 H ^S^Oll ^^Sj^^^E-l ^SljXj^ b||7:|0l| Ctf 

Sxi bll^Ejji oic^ c^ o|^d^:£:?i ^x|(^^)7|to|a=|. ^£^-& Sh^jpl- giH oj a^t 

01! q|8i|Ai c:H^^@^^c:^. 

^ai SSI 1?^^ 7|e(l)^oj| Q^o^ 2t^S^ff± ^^9|(13)@ iah2SDh^§r7t^^(E4i) ^^^^(P 
C V D) ii:fiHElg (spattering) B^S. g^'^ck 

o| 7|e|'0| i^®)om ^*|o{| of£Si4-i,(amorphous)^S| b|Sg ^a)^ ^t-at^ P C V 

D. ^^^7|A^^^^.gj(c VD) :i^2l{EiajcH| 2!^ 

Ef#o^. 01 uiss ^B\E ^^^cHi 5!|Aja^ eijolxiQ fijoj ti|§sa| ^§a|?|31. 

0| DF^^ mo|« 7|^^^o| e^x|>,Ei(:£ixnfi| aB^S^E^ rtgai ^^^H^ 7^§ll■ 

4. ^. (Patterning) sfCK 

c^#a^, 01 iiHfHOl c^FSS ^a|§ ^^s+^KHI TilojS 1^9|(3)^ ^»-ov(^jg) ^ V DS, PC^O^^€:± 

nfiEil^ tSS fg^oU. ci^ol a ±S 7l|o(H S^(4)^ ^-^tFciK 

a#a^, #^> Se4^(5)l- ^^o^:Il, D\^0\ So4o|oj 2| eeUXl-iiEioi ^^^.(source) 3^ Si HSllel 

a q^cHi. ?iqEi ol^s^oi 2j-Hgix|>,Eio| S^(6). a^(7)§ 'g^s^o^ c^SS ^JalS 

0|2|0i|, BS.O\\ tl\a\ 7|^ §oj ±± o^o4 C£^)o| ^^o^oll :il4^Aio( «^ktijo|, gt^-gv ^S^A^ 

# s o|(p)o|l4 -g4i(B) ^21 M^'^OI^SI «|o^«^Som n E^3g(dangirng)^^2j gyj-, a}^o| - 

soli cHsilAiE. 2^x\ 7h^o|D^, 5£tve «»-o|o( ^jx)o|| 5+:^|7h ii© ^ Ay s^s^cK 

^FH*-li2| ±XF^Ai£l &^^Al7j^Dl|0^1^. oigo| BH, §A(0}I oi^Ql ^oj ^^o| 

a. n^Cli, allOlXi oj.y 5.0^ 3g HT^lHf^Dil^ ^ OilLiXl^ 2SAKSR^5f)"S^7^^ §QJ 7Hit-[3' 0^?H^ 5S 

s|7|£ mi, 5E.^^ 7|eoil ^01 E^s\oi ^al2i ^dl^om :^a| ^^oj «vo| bh£iJjmoj ^Ahoi y-^su, 
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7i^-oi 5=£r, ^H^^HS 7i^i-e-rS, "^^R^l ^'^\^:. M-^^:"^ ^^1 ^l&^i M^S 

£^ 600*0 01 cK 

ojsic^l. tlai^ najb-foi £-lo[xigjoi cHiLixi p\5.{n ^^^^ '^\^ §^1 S1IS|:3 5?ic:K 

-L^^\, uj g^^^tHjAi-^ c-S- ^S^^^NI 2iuiAi, ois^si ^Aiiyf "J'^l^L-K 

1) SE 2^. £flO|xi o^yioil o|^h SgxHSS^f^^^S c:^SS ^^^\ BSSom. g £CH| u^eF 
tH^ ^ei^ ^^et(2)S! 3,?^, Q-ai ?15i?j>ilo{iir {fr^'i^dD^f ^^^sni. a^oi o| fiS^oii 

M^Xl:>^Ei :£:X^^Aio| 7|^^^?|0l) '^'tlS.^^ &S ^1 ^^JE'lC^S 7|^-^0N ^OiAi . )(i2), O^Q 

S9 ^7(g£l Af>.^ -«o^«E^ HEPAtj£-ioiiAi a|A^«^ °a| i^o^^e^oj -g^(B) §o| 

a# (iHScHi Sfg[5^o^ ^?}^t^ ^^eh^ sjcH $icK oi)s m^, <:}±^[^ ^^n\^\ "j-g^^oi 
ol^^s^^f^^ £|ai ^01 OMSK qthoi ^-^s^al 1^ S t^^^Ni^ i^cH Xi^-K 

^^^^1 xii^^Ai, ^ ^Ei^oi oii^m §so( xis-^s^oi ^^sfopi ^n. n o\^^[^mm^ 

S& fiS{Daa)oi| sish^^^, soi= H^oj. omeh^eiisi nSi9,\ ^troi #qi«hcK 

Djo] ^7|0ij om 3 ^^^oj >||o|H l^atSl l?^L[j^Oij Dl^CK -^^t Ol^Oil oj-an ^oj «o| ^ 

-^^Om AjSj^Oil ^^^1^0 ^CK SEL^. rtXf^Aioj ^^^oj ^ojo^ ^ o|c:^ 

c^gHS, C-MOS em^l ^n, PH3. BgHgi? 0|#§FOi xSa-g^^oll Ol^£?|(doping)2' ^j-Jl. 

ci^oi a m^sj^Q om. #7|7h oi-i-si o|$ ^gjsi ^^^o| ^^^^ck aau o| 

2) l^S ^Af^eHo||A-|^, c^^^ ^BIBB ^^a^ itiX^ai ri^o| ^^^^ fi^M 
^ 0|#£ .^-^e BBS tiiiie "liHo^C^ ^A] ^\^\. o\ 

miSOll, §^2||oj qi|§2A| ifcXj^o^Ai S1S7|^^ <^7\ 0\^C[, 

& S^oj o^g^^ ^EHfii c^^g ^ai^at, oj 4of7W^ ^-^o] ^^M^ ±x[oji ^iju^oi un^Sis^cK 

Hj S7|5^ ^^^0! ^^£t e|qt i^x\b\ y\q\ii\Jl fM. 



£ ie, #2HS| ^^^oii ccfaf xijsa chSS tiaie ^^x\±.e] ±x^£| ySHOlc^ 



£ 2^: -^BH£| ^ioix^ oFti §^«>11 2|sii c:^^S tiej^ ^^a|oj s^^^^I S^'m ^ilSSi 7Hy2M^ 



http://patent2.kipris.or.kr/patent/XML/JUNG0001 /1 02000701 41 34.XML 2005-01 -03 
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5. 4^. ^A|cn|oi| g>oiA-j c^3s ti^i^ H!H^l>iEi2i xi]^9,\ saoi! ufsf EFQ ^S7f ^sfse H 
S. 5^. ^^SSl AjAjo^j 2£| c^ijS ^£|a d|a| se!i:^iiiE-iSl xil^oi Tti^oli Cf|^ T^^Sj ^B\q 
£ 6^. ^^S^l ti>^|o<l 3£i ^^il^E&'-^H^ cf^S seHxjiiEioi 9^ co|c:K 

£ ee, ^AjcMj 421 x-ilig^^o^ x-il^sj c^^s Ajaja u|g| eaHx|>iEioj ea£0(cK 

£ 9^. ^ ^^Sl tJ>^|0<i 5S| Xil^g^^^o^ c:^^g «|D^ e^X|:ii£ioi eS^OlCf. 

5. 10^, -^^71 ^>^|oiio{| oioiAi c^^g AjejH E|ijx|>.E^oi xi\3E,^\ ^j^jojj ct^a^ ^^oH 
£^-2r^EN^ HOICK 

£ 11^, ^ ^A|o^| 5 a! ^A|oi| 6011 SioiAi ci-^^ Aj£|g uhq| H^:^l:ii£i2| Xi|££ ^^Al^oj -^^q q 

H 12^. ^A|Oi| 60il giOlAi Alaja d|a^ e|8x|^Elo| ^^t^£|o|| A[%^^ ^7^\o\ £0|Cf. 

3 ... :H|o|e ^^o|4 ... 7ijO|e £j^oj 
5 ... §^at6 ... :l::^(source) 

61 ... ±±^^ §|-^S| E|Bm7 ... Ha^lol Q^(q^) 
71 ... E.Si|o] qE^feS ... H ^£S| 

10 ... E.?«X1^E^7^ ^^Sj 040^11 c^^^H Ajajg b|q|oj ^ 

110 ... c^gs SSoj7j|oj ^§oi 

12 ... #^^-13 ... 7|^e| 

14 ... gL^s^ 9^15 ... s|at 
16 ... tial^si ?3So|7||2o ... ^x^ 

21 ... Jl^m 0j7|ClB^5)a^J22 ... -TJ^n^ S^fi^ 
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23 ... IL^iiF5j^5h24 ...b-jEi 
25 ... 7\& ^^26 ... cJ{]>^l(mesh) 



c^Ai, 7|E^^^c>li ^Ms\ wiSS a|£^;i b|Q|^ .a-^i Ata|ao|4 o\7^Q ^^^9.^ ^^ ^-|S|oil S^- 

01 cf^^si^e c:^^^ o| c^^s "i^jcil ^^atf> :7^>:;0ii 2ioi sSg- 

■C- 3J!s!^1l>i°f':^l, oi^oi) ojblj c^3:g ^^x^ ^^f-^R^:!. ofB?-^ B?i-So! 

Xi|;'iS^£-2;^ o\3l Eli^Ul. Sl^-^ Li^§u|U^ ofg-Ai y^-N,t>j| o,£^Oi,gA|o, xicl|0il£ ^=?^^\ ?jgofal 

aa-jt-K ^^S5-ollAi^ c^S^^ s^oj gehsf, ^^oj goi.-oi g^^t^ ^^^1 x^!7Hoi| 

7|7i|5^ ^^ Ol7|0i| «aMOtAi ?.4DfaH» *ll -£l^0| S/CK 

Li^oi, 7|?ji^, S[§^5Ho| o1D^o^l ^I8lj ^^|7^§^7| ?jsi| n gssj A^ja^°|;^i| 9|S|e 



aau, o|oi! ct^a^ in o(#£sif n 6!sj^oj «|o| u^^jt^} o|ck 

0!^d# £^|0|zi ofy loii o|sij ^^ ovo\ 2n9\ ^^sfcK aEi4, ^^^^^o{\k-\^ 5 

o^o| g^^^K ci^o}^ a(U^ ^5.n2\ ^ ^§o^o| o|#oi) ^1 ofo^ saoii ^^-^ 

^1 :^ii7-{i} ^sHAi, 5501c oi^si lla§l.o^|A^ ^^^ly\, oi mioi ^^71 7^-^011 01^^ <^^t\ ^1L 31^ 

soli -£i§ol 01 q. 

^^eoi ^A^£^-e7|S xi|7-|sfD:j, o|oii ccfa^ 7ilo|e io^q|ji^o| ot-g^^ 7ii^(#@)o| <^cHx|ai, ci^oi^ m 01 
i^c^rn soijA^^, b^l 7i|o|E||o| e|i|x(>tEisfi| 7|-^«hci-:n ft^^ ^oiiAi c^^i 5ytiK 



lu|s^7| ieH)oisK ^ n ^mw 'y\^^o^ 

{^AjOil 1)^ ^A|0|1-^ X1)loj H^-o^^cHi ^^^Ai, ahg^ 0[^^ b|D| ^0401 g^hS^fi^ 

^^'E-0| ^^i^tl- ^^9.\ 7\\7^Q\\ :^0|CL 

o|S soil SiojAi, £ 1, H 22f ^a- ^#0^1^ §^oj. §otZJ. sicK s^^K oi^;!^ ^Aio^iojiA-in 

1 € ¥?l 7|nfo|Dl. ^ ^A|0jlOi{Ai^ Sy^^l 1737 y\^^r 0\%^^\, 2 ^ Cf^S tJa|^ ^^^0| 

CK 3^. no\B, ^<6^o\u^, ^ ^AicHloijAi^ PC VO^oil oj8}j ojA^^-F?:::: ^^^frg^fJiDK 4^7ilo|Ma^ 
0|Di. ^ tl>^|o^lo^l>^i^ Ml'Ej'^sf M]^^o{ ^^o^ et:^(Ta)^il ^^9|o|ck 5 ^Z} S^^ojcH , ^ tJ>^|oilcHlAi^ 

e ^A|o^|oiiAi^ 271 x\^Q\ y& 8^£?.D|fe. -^^«(61),(71^^. tiai^^^s) g^^oi}Ai 

13 ^ 7|sa|o|itj, ^ -^'AioiloliA-i^ p C VOejoi] ^|A^^^^f?:£: ximsicK 15 fe- tJ|SS ^'•^o! 

tH. e tJ^loiloilt P C V DS2.^ ^^Sl^K 
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(a) at(i3)-S- g^bfH, ci^-oi umi ajSS ti^lS ^^e|(16)G aft^K 

t^ede. ^0)7^ igm --lOMm S^^! ±^^^1 7^gc^',^. eiA|soi|Ai^, 

-i? ^ soi4 iiT^isi ^^^^ oji^oi o^t] sg-oii^i ^^^^'f ^^-m ^^^o\c\, 

(c) tflSS tJBja mD|(i5)oi|, Ob Q 5 TorrSi ^-"^mmiM. ailOl^i^Ai XeCI(i^^^^ 
308nm)'& o|#£h ajloUiai ^Af-oij cr^sK HS^Aj^i^ ^iloi^l o^yl)o{| o|t,ij 20-200nm ¥'^1 S 

^^2-^1 S-^l^l §£4 Af#-df^ oiiSoj Efoj g.o{| o|sfj c:^:to( a^q)^ Siouj.^ £c|. d^Bj-x] 
00 -100nm SiH^il cf^^ ^a|^ »1{-Q|(2)§ ^-^t^^. a c:|^S ^^1^ ^'^^ ^""^ H^iollt 

S^ldD^f ^^m. SS. -^--o1 €r7!i^o!|^ ^iJ^l(12)0| Sl^t^E^K £££h, o| B?J'&^! ^ 

(d) 51^^011 syojAi ^§-SfiEhrli:(CF4m tl±{02)^\ o[Q\3_s.n[ 0\%^Oi 
au. cf^ig -^-^-1 i^l^e 7^>,oii sits-ij '5isl^iPi-^o^ -id^, 

^ ^71 a ^^l^^oij qit^ ti|7^ 37j ttH^cHi. o}°^ol|Ai£ uhs xp-jsj?! ^ck o| mi^oll, 

tr^X^el X|-oj^o^ t^h^S tJ2.|^ ^'^^^1 S2j^}-7^ OlifO|Xj7i| ^ CK 

(e) XH SSgt-xie -"^sii. Wx|£h^^ 'gSSl E^o\\ 7\Q^ £7|Ji, ch^S ^^eia^oil p 
C V D^oli aisH o|Aha^f^4. b|s|-s- 7||o| E ^l-^sio^Ai ^^thcK 

^^^^eo|§£7^ i20cm 

2/V-selc|l qjuilAi, ^ ^Mo\]9\ 200cm ^^Oj H7fl 1^^^^ ^ ^ SiSi^K 

TiioiH S^oll 30V21 DCm ^7K0ltlD}o^Oi TFT ^^^1 "U^m ^^^^ BT ^l^oWM^, B5XiO\\M^ 7\ 
^A|-^o| ^j,^^ £^^eH(60''c)oi|Ai Of 27:fal^si Alsj^ SOi^o^cK 

ci^Ol, T F T^Aioj ^o^ tjj^£ s)=^^!Sic^K 

Oj^d^, :HiO|^ 51^ C^aS AJal^ b|q|0| ^Dio| §^go| mi rg^t[n Hj^Ch^ ^d, ^^01 7i|0|e 

lojo^oj ^^1- ojlgl^ -^Xj^^ A^EfjojjAi g^g^^oa^^ 2<a§S0|| JSjOiXj^ BlSiOl '^Ij 3? 1M| °j 0 1 ^ 

CHS ^oil 2|of ^Q\a\ji 

A^o|HO| ^4^01 ^2g7i| ^5£. S^2l(^ti&<J)H^ ^^E^^^^ edoism et^^cK 

cc^h ^ AjAjoiioijAi^, c^^as}o| xjoij uiss ^^^€7 3iiti^^*hsouf, c^s<gs:^ 3^011 iiae^^e^ sii 

5££1, c^h3S ti^ie ^'S^S^ ^iiisl^E:! Hi2f2E:D^ oi7i(,'s,^).^i {:h^^(^i)-s- 0|§5}iSi-K ^3z^ o\ 

§s| ^n^^ ^^g^ oia o<i^i-g. ol^s^n. a ^ Hs^aso^ 0i7|s 0*1 ti-s- SH£ Sc^K e^, 
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Ci^oi, ^ ^Ajcila:iAi^ cf^2.\ Op §'g^7|->i^ SilS'S- ^^4. ^^;:2>^1'M2I ciqop^ ^^le^l 

c-i^oi, i^ajic! "-.^ihoil lilcH, qeiS ^£1^ iLd^l S^I^^^I ^^li^^joi] ?^£: 'iis;oi ?ij^£l7m, c|e '3ii'SJ 

(^•^jcli 2)^ ^JA|oiI£ xii 1 21 ^il^olj ^ec^K ^ ^MICHI-^. ^xia^-s- A^§£^ cf^s ^••s|oj g^sfoii 

Cl-^IS ^^\^ «|5|oj fi^0i|^-g-7|{ll)U^^olgo| gA^(12)0| ^ZJciK 

(c) ^^•^»-(2)^^oii, ^?:!5jo^ n|oj -^oixi^ Jaa^oil s|-o9 DllEhofag alio) 
M(P M M A)2! ^€ 

(d) Seeoll 2i(HAi t[.£^t^±(CF4) 75%fil" ^4i{H2) ^ 25%S| ^ti-7|->i^ 0\^^(^ Bh§^ 0)$ oil^ t 

01 P M M ^^^^ a ^£7f ^HH^. cf^S ^^2! 30(^^)01 in 

^f^iiHT^W <21itl€- oF^. cm^ ^dj^ ^^^o, §A^^7f eii[oi g^^'d^ asol <^cH^!cK -^^Js^^il 
^gJl-si S-^^H xipi^jt^K 

(e) ^#SFe> ^E|5 tl^□t(2)# ^s.a|^tzla^i^| H^Afl^^si^ o^i^ ^S.M\^io\\ s|3il 4:S2| DflS'^AVo^ 

250cm2 v/s S^^f, ^'^o\ 37i| |k^vtfB|. #A(o||, #EH s^^ijoj aj-a| E|i|x|>iE-ia^ b|jn-afOi at 200tili ^£ 

SEth. s| g^ioj oji^i D^^g Ajai^ H|G| RoiQ ^^^^^ ^01 si^oiH^, '^QJ-^I ^ 

±20% *^0|7^ 2lOi£ BBOl^l 

SE£}, tiAjo^icHlAi^. otitlai CHA^oi P M M A a|o|EM. d^l^^ eilsi^l 

^ Ci^Ol^ oJiSSI XflOiOll C}±B\ 2^2\7[ HfiSpl^ 8^, 7l#0|ah£ ^ B «l§!0| 7^^W. 

iJel^ o|2io| b^ixfl x}|5.fi| a-?at£. oi ^£ol| ccF^ ^^SHh ^qjssi d^o| o|^oix|& 

SiEh, -i^-o-Mi. cfss ^^a|2| .57|7F in^e tiH7;W uy.^^ o|^o^ oji^.^- ofn. a ^ nafasoF 0^7] 
s| Sii^'H 7h^sicK B. PS^^ ^'•^si oji^ioj 2^c>i£ i|ie7j|oil SicHAi^, H^f^a^oi7|^x^2|4jfil 
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KlPRIS(S;HQ&1Sa) 



KIOIII 8/28 



oiC £011 o|olAi, 8& ilsW^iS. sj^ 01 SESl ^^e+oicK 

(a) Jiejoil ^(13)01 m^J^ "r"^ ^^leU-y^^^ 1737 y\^)[^)!^\ -^^ 15m^± ^ 
g^t^cK ^>^|ojlollAi^ Ji gssi H|Q|(8)osAio| ^s^^^^st^.. P C VDfloll sjh 

4. NHg S| ^t^7^>l■g o|§&^0i asCbSl €£011X1, 2^0,1 urn fi| ^^th^K ££t^, 0| a|o| 

^£S ^ 20000|tit. c^^s tJe-l^si g£^ 0^850 0|5icK 

(b) HS!i^i::i:E-|i> ^^^^ ^^2^01! qiSHA-j^, n ^^oj| ^A^sj 01 in S£Oi 'a|n|(8)# 5 

(c) la S£si ^^(B)o\ ¥s y\m^)^ ^&{±^mM bish ^ai^ 

oR. 01 diss tiai^ ^^^011 E^ioixi sA^§^o^ ii^A|?i ch^xH^^e ^^oj ens ^^ai^ ^"m2m 

(d) 0| ^»a^^ ^'lEf-o^ciK ±^ C M P{Chemica! Mechanical Polishing)^^ ?jafohcK 
5-lOOnm ^S.o\^ tl^\9\ 5^10% ^=^^(i^7K)oi| cii^Oj S^SHohD ph 12 S£7F sj£ 

nejoll, o| oio[o{\ o\s} g^h^ojiAi, SSff?^:::^ a^£7f ^^j hh^, ^Jsf^^ o|o| £^o^ A|§o||Ai c^^^ 
ot«(^a5}£ ^^s^oi <ao^2| ^l^oj 7-isi ^xjs^cK a ^i^K "^^^^S ^'^ja ui-o^oj °| 

Ei§o}uf naf-^Dj. §:^S[7i^^^^^'gjcH{ 2.\n H^^imn^)^ "^^^ y[^o[^l o| oH-^oij. c^^§ >M£j^ dvn|oj 
oja^-ioj q| Jl§£^ m ^ ?Xn €|c:K SEsh, Ol liH^o)| 0| ^^^± ^9] SAk:a 20^200nm. ti[ 

^^^n^ 30-ioonm s£s 

ci^oi. eeH a[£S^|o| :^S^Ai ^aj^^o!) ^7\^^o\\a-\ a foil e^^, ^l^^fsl- m^^\9\^ ^AE. 

A|££jJl 01 ii^Oil^ gl,^-^^ yh£A^| ^^S|o| ^^oi| ^ ^LJai^5:j ^ ^Ojj b|Jin^fO^ ^ ^^0| ^ 

^o^^ g^^F 01 S^o{|£ s]2ia| ph -^o\\ c\±a\ Ji2\7[ ^fxiei, ^xi\ ^01 SL^§A| 

oil ^IIS^ s^^ 9in QCK 

-^AjOil 7|^yoi|Aloj cf^^ b|D|o| e^x|>tEl :liX|.o| b[|^^^E-j ±§0^ iij|tiS^£ £^ 

£ 6011 qeN^ oi^i-o^ «^>ao^l sieij xij^sj EBax|t!,E-i^, cm^ ^^et{2)s| 5°^o| 

g S?HXj>iEioj Q^.o fc,|jii§jjcK e^x|:i:Eio| xH^^fi| gOI W/L=1 2/1 2;fln. Vd=6VS| -tSii 
^H^^ olt£7^ 120cm 

2/Vs olSicK ^^Q, ^ ^Aioilfii HS«x|ii:Eioj spoilt 190cm 
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2/Vs 0151 cK 

cisiii^L, ^ai^ ^^^(2)iii :2 smiii H|ri|f^c|ii: ^s;hi Ej:!^:; aisii Atgi^ n^o ^ 

^ms. #E:f. 0)011 ixfaK c^SS Aiajs «|°|(2)2i H?^o|j 2.^ ^^-g-g- ^iim ^y^^l^e ^AS.S. 

gcK ci^oi, bisn ^'ai^ 9j§ c^l1S2^ tiH. 5l^^r,ii7^ 3°^ a ei-e f^^SS s+o, ^Qo|oi an 
^cK oj aii^oii oi#£7F cm gcK 

£££h, ^^5E*J]a! xHSoijAi, ^ ^>^|o^ioliAi^ b|g?| ^jai^ ^o^q 01#^o4, ci^ol H oi§5E.S^ ^^^^ §-5 

^gCK Ci^Ol. :^qi^ 7j7l#o| SAl^^xjtHI AH-s-ft g^, ^^s^^ HfTi! £1 

4, p,B ls| t^fr 01^ ^oj :^oj gng|(dangline)^HSj StM-^l "UM^IQ «H. ^aH 

71- Ji ^!Z^\ Ai|2^(i|ojHS. gre ^^:^.|7l£^Bj «aoi| !i\<^ nigg oj ^^xiojj c^jt4af 7|0:j^^7i| 

ge, i^Aj-^Sl SAj^^z:| S^Olj-^ l^^-^Si M\7\\}^ iJS.7h QicK 

(/gA|oii 4)^ ^Mo\\^, ^Alo^l ^^04^ 7|$(i) A^ajo| 7}^ ejo^Ai 0|>imF^?:t qj 

o| nH^ol), £ 7o\ (ci)olj ^^^^sf-^ £ 8ol|Ai ^EFi-fe i^o|, ^^'sj cf^^n 

o|oii c£fa[, ^^-g oi^^^ :^o| <g^^a|A|oii 9io\M, 600^CL> c:h± H^^S ^oiE, -^aj 7|^s| ti|l 

g ^^^0| g^X|H|CL Oj OHgOll, ^^X\:i^B\Q^ Em^m 0|#£7^ IkAj-g^cK 

(a) 12^^ 7|nh(1)^K>|| 7|£ ^(^3m ^1^01 n .'?|ol| b|SS tla|S ^ai-(15)# t^^thCK 

(b) fl^H ^a|^ ^^^(15)oil ^A|n^ a|!o|:^i ^--r SAfs^oi c^^S^Fii l^^^o^ c^g$^ ^ajs «[n^(2)^2- g^^e^ 
t^K o| (HIS §el ^A|o^ £l|o|xi^A^ XeCKcH,^ 308nm)S- o|§£^ s^|o|x^ ^s- Af§G-f<H, ^±7\:^ 

^€ s±7f>^ ££^ a^g-oiiAi m^Df. 

(c) 01 c^g^^ ^iaj3 ^^a|(2)^r liii^o^ 5S.a|±£f«i^i ^^Aii^^oi] ojey 7F^o^cK 

M 1A|^}?ixiajs £>c:k ^ilx^al ti^ss ^ai^ ^^^-2- ^^^^ ^^^^(^7t^^)cHl aisH g7h&h^iihs- £ 

11011 u^E^uHcK e £oi| oiojAi, 1 e m\m\ s.m c^S^^£^ e ^^sj ^o\o\^ 2^ ^^^laiS- -^^^i a^oiq. 

SICK oj^;j§, ^^iaioij ojblj e^SS ^al^oi o|^joi 520cm 
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H 10^1 (d)oii o|af ^z[Q 4E[tHcf. £ losj {c)sJt 3^. ^xK>{j ttfaf ^;^|(i6) 

i^l ^t: ^^---U. -S^-lcil S^IHI 

(e) 01 71101 H ^o^q^^Ai 01 A^sf-^^::^ ^^a|(3)-s- p c V D^o^i ^i&rj 

(6). Hal]^ S^(7)e- ^^oW, £ 9011 ujEN^ ^^^^Q ^^^l^SiEm ^il^t^c^K 

o| H?H:^Iiiie:io| £;^^oiiAi, o|^£e 220cm2/V*s, ^^l^ojcv t h)e 2 Vo|^cK £h3, ^eH?,^1IJHi ^^1 
0|lE7f 120cm 

2/V-s. Vth7^3V^c:K 

o|ge, H|Q|£ij ?iysj£i| ^±si\ 2!^^ .^£^01] cLfe ^zi, ^:zM\^M^\ ^^lol 

S^^^oU. ^ileh^'^oi ilo^oi^ S^e ^oioj ^o^^E. %'-^m\ m\ s|o^^ola^:Il oi7i^c[, 

^AjOilOllAi^ 600X5, 51^ ^?|7|0i|Ai 1A|e}oj o^xiElQ ^04^ ag-'o-F^ l-^'^^'Fii: 

^. atrsf^ M^^^'Jt^si =?^titi{¥ie). ^^aitoi ifisMi^ sm, asF ^o| sfe 7Jq\ 

£££h. ^ ^AjojjoijAi^ c^^s Ajai^ bhD|^ ^goj 21(^0^ 7f§£^ ^ S!i^4, 2^^^ l^j^ial ^oi| 

SSI ullid^S 7hgs||£ §e #&otcK 

(^Ajoij 6)^ 4JA|oi|£ J-i} 3 s| ^S^oil 5^5} ^01 

$ ^A|Oij^, g^ai tjA|01i 5£f 7|^3^o^- 7^o| oj-oj ^A|Oi(oj ^ajo|jAi Aj^oh £ io£r A(§ 

(a) ^A|oi| 5SH :7|gi-(i)ol| ^iH^Aj p c V O^oli o|{4S^-Rrt eh 
^. n ^^011 bisn ^^ate- ^^l^c^. 

(b) ^Hs^:?!!, aiss ^a|a «|q^oi| Ql}A|D^ a^!o|X1Q ^A|.s^oi c^g§s^s ^hcK 

01 tcHsj iEA^ soj iao!|A-|, cfss Ajaja H^a^oj ^§oj^@ ^^M, a ^^H! asisi fil([a£b) 

§s^7i|sFHS. ulSll ¥^4eljo|X:i sAh ^^7j 

(c) i^FSS e^^o^^i ±^ ^^o^ .allS7|-g£f ^, £ 12011 u^em^ Il§7h^BF ^afEEof 7f 

^ £011 SiojAi, 20B M'UH^l ffl4(51g'§7|)o|cK HaffSa^ 0^7|(1S)^) S^oioi, ^A|oijoi|Ai^ 
13.56MH 

2^1 o\^^c\, 22 51 23e ^a^B^ S^^OlcK 24^ 7f?1§ «|Elo|cK 25^ 7|^ ScioiciK 26^ D1]a| S^ojcK 
1 ^ cil^S ^01 ^-^a ijiileh 7i£fo|cK 

0( 0|^£iai. 550"C^I §£^ -c1^ 2:?H^i S^tlS^ SA|^^^ ^iif ^o{ ^:^7(- 20%. CHf^7[3%, AP[ 

77%^ S-e^l^. ^J^Joll oj-uil £a^iDfS ^^Jai^^ 5A|^> g^cK 

(d) 01 ^^^qoil o|g^ 5£fiOH)l]Ai^, 7|eoil^ Tjaj 30^01 Ci7|(|»j@)£jXl ^oa^ -.^ cc- Slid 

a(fadical)(£i:^F-^^'!^^ c:pK^Wai ^7:^)o) 7|eoil ^GE^cK atitiK ci-ss ^•■aiSSoll 
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li^^eh tliie i^oi ^:Jd|e m^'A^l ^<kom ti^'H^l ^^^'^l '[ll'^o|-ji. ci^u) ui ^$^uij ma} it^s 

Si sg([adli)£ m\ o|ol! tr|s^ 7fl>d:^i^ S^g^^si 7ilAjoj B^ioil oji^icH^jEiK 

(d) tX! i-^EhMji^ ^EHol]A-ioi a]£1^ ^^q|o| aha> ^^i^'M('5>7V:'f5'*;f)oil aiP> a^S^ <^?je> ^ 

£ 1121 3oil qef'cHc^K ^ 5l(^]M 4= $iSoi, g*s! a|a|c^! ach£ q-^ :eI3 h^5i7[ HTil siJl. £E£h sia 
£h ^la 520cm 

'■"01! se-a^n ?ii^K mm, o\o\\ uJtB[^^^o\ §-g-bi ^^^jij 7j\o\ o\^^\o] ^ick 

ZL ^. cfo □F*f7W^. 7ilo|E ^c^ai^ ^ijoiH s^at, L^^^t. g^sj °i Hsj.oj sqa,^.s- 

Ol^^iif ^Oi b-^Oi iE^x|>:Ei-^. 3 0\^5,y\ ^ 300cm2/V-s, V t h = 1.3V^ ^2)1 ^^^o^ 

#eH ^^i^E^ E|i|x|>,Ei£}. bjjS-^oi, et250B|!si 7llAig. s.o\^c\, 

^ ^JAjoiioiiA-i^-, 21^ 0^71^ ?H= ^Ajo| ji^ir^ xi^j.^ ol^^HouK ol^t^& Ml^o|| SJoiA^ Z^B Wt^ 
01 CK 

^ ich^ 0|51M ttol ^cHSi^K 

ci^Ol. S TjloiHf^ MS!^ ?J§ ^:IJE m^olcf. 

§,^IlS^O^^ c golj i4E^uH ^ >i|0|JE^ H?|iX|>iEiO|j q]§£[ bj^ TjjOlEi^oj E^X|>::£-iG £ 130ji ^E^^Hq. 

2) ^^A^^o| g -7|xtfA^ g^>^oj ^«oi) g£ l^A^°|^ ^^n^ t s^ti. ^i^CT l4]^^o| ^ 

£^j(pgt|)Sl S^Jl, 0|Ol| °h^4Ai tjAjO^I 5 ^ 6011 SiOiA-j t,^^§ ^ti|S S|S|Ci| o^xidl SiQ 

3) 7iiu^ -su. ^£1^ ^x^^| 700"c--800*c£ 'f^^\ll sicf. 

4) ^S£A|^^*|^ 7iloj7| #oi| A|.§si - ^o|cH, a mi^oil a SAj^uj. ^§ Sj^^^ 7le^ SS(^®)o{| ^g-ysj 
Oil t^^iiioi 

6) ^ai :7|so| §o4s|§^ -^al^s! ^?fe| ^^^ai m|S2| iuAf.oj s^AJ*^ §-3. ^i^h. esi s|o| 

6) ch^^^ ^^^2:) SSiJ7^|£J ^-goi 2G^1 ^.'^^^e M\7m5.^^ ^cK 

7) 2^. 3^ 3^ifioj qt^g o^.^ £o||Ai m-mj^ >-|Ht-h ^FQ^ii XiJ-K ^e. i-hS ^^-2- a^^ 
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i}g e ^lolHI^ S^xj>xeioii sioiAi cffjs tial^ ^^^•^ §sl -S-7m ggJffSi 51^01 ^oix|^ 

5<ol| SIGH. TilolH S?3s^Jl^o| 7<lo^^(^g|g3)£| of^^, xH^^ol ^t^^sin, oioil a\B[ B.^x\±Ei ±y^[9\ rx^ 

S^tK Q^i g >i|0|HWSi B?d!^liiE^oi| s/ojAi cj^S^^f^j ^a!5 §2| SSO^C 0(^^5.{ ^HO||Ai ^ 

Oil 2i-aH fiSSi >4£k&fr x■^j>^■s^al ?^SU2i ^-^ElAl^. a s|3?i(^tj)-°r 3.n i^^^AificK 

5E£.K H?H?:l>^EiS| MI^OI If^^SiHS, TllOlH 1«^S|§ a a.^^ ^ TFT ^^0\ ^ 

# ci E^Ai-Hipij SICK 

0|S.o| ^oj£ 5^oj oi7^jo| a^ol £S0! Sl^ 0\7J scgj. e3xi>t 

St^, ^ri: E.B\\o\ S^o| §^c^Jl^ u}£*^|afo| xi7|3« ^4^£ g^j^Sh^ll 

7|#4>^cHl H^sj diss ^^s|o{! sijojxi i,^--- ^A^nfo^ ^^ajo^ ^j.^ ?,^|njji o|-yg 

4^71 Cfgg ^J^-&\ «|g-^ 7F>:(>I1 3^ Jl, Ci^Ol S|#th7i|0i| atOiA-j^ ^^\^U\ 

oiig >.^oj g ^s. ^01! oi^oixj^ eiSA^j ^^qi^ iHltis^ 

gt^ o{!S^^o| cpSS ^^a^si se^t •?^*lolj, ^iESl >i|o|e §y ^J^^o] 

^'le^^oii ^a^oli 2^io|xi ^x^s^oi c^3s ti^a^o^s^- s|jo|xi o^yg =iiy:aK 

^-g Esoil o|§n ^ojoii ^^o^oj. 7|e^ c^^s tje-l^ fiSfi 

^£ -s-s ^-y^^e^K 

^71 ^£ afa^g ^7| C^^S 1^£*0 ^^-aj-oj g^ol in^SR. Ci^Oj 3 fi^S! ^01 g. t}-^gO| XflTlQ HH 
^OT ^Sfl^CHI S^OIA-] og^5 sfOi Xll7-lSf^ ^dOi] SjS{j, At7| Cf^g «}£At] fiQ-g- 

s^sj g^i-afot xi sjojxi cms ais^fl "^^^ ciiti ^ 
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^1 3 E^oil aicHAi. 

El §1- ens i^i^-S. ^i-^-y ^tilSAi efg^ 7[^[3 nlS-SF^ t3^^ Ha^ni :2d'!^ QS°S fife Q 

A^7j cafOj Ojlilr^^ij^ ^^ol£ aa°10l in§S ^OjAi. 7^:^^^^ ^Saf^SO^ ^ 

n 5 i^oii sio\M, 

•^^71 Af§ ^^^eH^iii^Ol ^^a^Sj ±S ;?|}o(E S 

= ^ c^-g Hellt] ^l^^l 3£|e^^o^Aio| -M£|A^o| = §e ^d^\Mo\E.^ ^^^^{} 7\mL ^ 

&liO!Xi Otyg r^yoil ghx-i ^o^o; bh^^t^j "ig^-g- ^^^0\\ 9iO\M, ^^E^mi 

^ ±x[y\ m^s\7:\ g^oll ah£jcfl Hcf£ ^£o| ^^oj b|9|^ ¥^ 

^^71 H S£o| ,^^oj b|a|o| ^AHsj « « o Sm«^^0^ 7|a^ d|§S «V£jt^] a|a|^ ^^§fe «}£jNI 

4^7| b|§s ^^^^ Biiojx^ ^A^s^oi c^^S a|a|os aiioixi ohyg 

XII 8 i^Oll oiojAi, 

A^7| dl^S ^hSE^^i a|o| b|D|« J, ^£ «^o| tij-D|Sc^£ ^^Tij AVqi Z\ 

^ 8 s>^ ££^ H 9 ?;(>lAi, 

8 5£^ x-U 9 m\ SiOjAi, 

^^7j Jl ^£ ^^^^^4^^^^. UgH S-S^J ^^^Sl ^^:]a 0.1 Arn 0181-^ Sfe 0, 1 01S^2| afg^-^l5Sl5j 
# -5fe S 7ilO|E§< ti|Q| e^ilxl:A,e^o| 
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^^7| j1 S£ «|°r '^^1^^^, ^ ^^^^! ^-Kv} O.l/m Ol-or^ OAu^ ors^ ^^>t^oi ijj^, Qxj 

^1! 8 xi] 9 %^oi.\ 910]M, 

^e^Aii g^^Ue. ^^2.! 7^,^7[, tl^\^-n^°^^ -^B ^ 

xHI 10 IJoil SicHAi. 

^7} b|ss &^^-o-F^ti|S£J x}j^7K -^ai^, ^ya!^-;H|2a^^, ^ 

A^7i diss d^^^t^j a^ai ^S.7[^ ^B\B, ^B-lB-n^^^k, ^€: ^ 

2.|^.7i|so^^.^|.:£:oj Aiai^T^l «|B| ^^>,^o) ^^ o rigog ^ 7l|o| «f5Lf ^ijS^^^. 

^il 12 t,K>l| SiOiAi, 

^^7| b|sij ^^°|- %J>fe!o^^ ^^^9] ^^7K tJal^, ^^ ^ 

xi! 13 l^oli olo|Ai, 

^^7\ ?^o\±^o\ c^g^ yjS|o| ^oj^ m^m. f-^^ 7\\0\E. ^ T^S.^^ 

xij 1 4 m^! xil 16 £h S^oii $iolAi^ 

^^y\ ^a^^HOl ^Sfh C^^§ ^^3.\ ^|x|Ol|. ^3ioj Ji)o|B §y t^ZSSI Hfifl 

1 7||0|^^ bjoj E|flx|>:E-loj 

Moij ^^sj H|gg Hj.£^tfl «|ofoij £iIo|X:| 3£A|-S^0i Cf^ § areiS^ £ilO|Xi 0^y i iS:y 

^^7| C^SS ^SUSI ^^^^h^SH^I °i711, 2^2| ^gigo| ^S^5jdf.golj oj^^xij7^£j S£|o 

S 5501C OlAVoj ±^ ^<^y\ §fo!|A-j ^jcia(Q 

a #sei- afe|§ ±^2] ^y^i^i 

^■Ij 19 Wo{\ SlOiAi, 

^±7[±Q 7^>l §oiiAi t^-^ 
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^ oiy\^mmm, ^^^.l^iYQ y\± ^mt^^^oi ^^^^^^ y\E^Q ^J^mo^ ^^xiBiQ -^^ 
S^gf22 

n 19 Mi^l ^i] 21 oi^ of a^oll Sio{Ai. 

A^7j Biiojxi o^tl^ >,||oll o^Ai 7|e-^^^SSI alSS ^^^-S- ^^l^oil ?loiM. 

saj 7^3t(3l ed^- ^shs she- ^^^^ Hixj^^Eisj 

^^^23 

xi| 19 m M|x| m 21 Oiin EH){i SiOjAi. 

^x-id|>i^o| ^sth cf^S s.^^ ±^ c:^^^i!SS| TiiolH ^^ 3^ c[% ^3^ot c 

S^&^24 

22 t,K>{| $ioiAi, 

^:«ie|:i:ilio| ^siF c^^S SS§ ±S ^^loi], c^g 7iio|^ 3^ gj c^g ^££0| c 

^^^^25 

n 19 ^ x-ll 21 tl- 5£^ ^fl 24 Ojin ^ t,^oll SlOiAi, 

m 22 t,H>i| SlOiAi, 

n 23 E^oil 2icHAi. 
S^E^28 

^j^ c-m^ ^^o\ ^^5\o\ ^q^ oioii ^7FShoi cf^s ^fsx^j «ta|a| 7|e^os. 

j1 S£ eS^I 7^X|j1 S?i^ 5i§ ^§|os g TilOje^ «|a| E^xi>:E^. 

§^1^29 

XHI 28 %m SiojAi. 
S?-E'-30 

^il 29 i^^oll 910\M, 

4^71 cfSS rtS ^ix|oi|. chS t^S^I 7ijo|S SI cfg ^^o| ce^ioj alS^go 
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